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546a Wednesday, February 6, 2013Biological membrane channels and pore-forming proteins display a level of
sophistication in managing molecular scale transport that is typically un-
matched by inorganic analogs, and efforts to develop nanopores that approach
the transport efficiency of biological molecules often run into fabrication or
synthetic difficulties. A different approach is exploiting nanomaterial scaffolds
that provide near-atomic level of control over the structure and surface proper-
ties of these structures. Carbon nanotubes provide an especially interesting sys-
tem for such studies due to their inherently smooth hydrophobic pore walls that
support extremely high transport rates, which are comparable to biological
channels. We describe the preparation of nanotube-based membrane nano-
pores, their assembly into biological membranes, and single-channel measure-
ments of molecular transport in these assemblies.
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Liposomes can be magnetically triggered to release chemicals by encasing
magnetic particles in an organized and predetermined fashion (e.g. linear
array). Here we demonstrate a controlled arrangement of magnetic particles
within liposomes using a custom-built microfluidic device. The multi-layer
magnetic microfluidic device consists of two thin bottom layers containing
low-melting point (117 C) 52% In - 48% Sn solder and a third top layer
devoted to the input of lipids and magnetic particles. The microchannels con-
taining the solder are electrically isolated and arranged in a lattice pattern; the
top layer contains one channel, which is wide enough to span this solder lattice.
To facilitate installing the solder into the channels, we reduce the surface free
energy by first injecting a solution of 3-mercaptopropyltrimethoxysilane in
acetonitrile and allowing it to dry. By controlling the current in the solder
lattice we can non-invasively corral magnetic particles contained in the top
channel. To control the magnetic multi-layer microfluidic device, we are imple-
menting a digital potentiometer (AD7151) using an Arduino (Mega 2560)
microcontroller with analog inputs for connecting the potentiometers. An
AD7151 can step through 64 different positions offering fine control of the cur-
rent within the solder lattice. This digital potentiometer permits us to vary the
current by changing the resistance electronically rather than manually as in
a conventional analog potentiometer. This device can not only be used to as-
semble magnetic particles within the liposomes for potential in vivo delivery,
but it can also be adapted to sort liposomes based on their magnetic content.
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The structure of the nuclear envelope is crucial for many cell signaling pro-
cesses, from signal transduction to migration and motility, yet little is known
about how the nucleus senses and responds to the cell exterior. Previous studies
of the mechanical properties of the nucleus rely on invasive techniques like
micropipetting, and often neglect the participation of the cytoskeleton and extra-
cellularmembrane, as they require isolation of the nucleus from the cell. In order
to properly interrogate this process, we need a technique that can measure the
response of the nucleus in intact cells as they function normally. Through
previous studies performed by group on the interface between cells and nano-
structures, we observed that the nuclear envelope of adherent cells deforms in
response to the structure of the culture surface. Taking advantage of this re-
sponse, we fabricated vertical nanopillars of various diameters, heights, and
pitch to observe the nuclear deformation under different stress to the cell mem-
brane. This platform allows us to explore the variation in nuclearmechanics, and
its effects on cell behavior, among cell types and disease models in living cells.
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Understanding blood clot formation and mechanical properties is vital, as clot-
ting or bleeding disorders are a leading cause of morbidity and mortality in the
world. One in four trauma patients admitted to the emergency room has anacute traumatic coagulopathy, requiring blood products and/or the management
of specific clotting or fibrinolytic disorders. Such patients would be better
served at or near the site of injury with a point-of-care diagnostic device capa-
ble of immediate coagulopathy detection and early diagnostic indications. We
have developed arrays of magnetically actuated core-shell microrods able to
assess the time evolution of fluid properties at the microscale. Here we describe
their application to assessing the mechanical properties of a developing blood
clot. Our core-shell post structures, 25 microns tall and 2.5 microns in diameter,
consist of flexible poly(dimethylsiloxane) (PDMS) cores surrounded by 100 nm
nickel shells. Packaged in a microfluidic channel, our arrays measure changes
in fluid properties with less than 15 microliters of fluid and have the potential to
become point-of-care devices. We present the use of these core-shell rod arrays
as an assay for clot development, capable of producing clinically relevant clot-
ting time measurements in animal plasmas, and will report on progress made in
whole blood samples.
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Giant unilamellar vesicles (GUVs) are attractive model membranes, commonly
used to study membrane processes such as membrane fusion and protein-lipid
interactions. Arrays of GUVs are, therefore, ideal platforms for high-
throughput screening of such processes. Here, we present a simple approach
to form arrays of GUVs with or without membrane-proteins. This approach
combines hydrogel-based microcontact printing with the commonly-used elec-
troformation technique to generate arrays of GUVs with controllable size and
composition. First, micro-patterned agarose stamps deliver aqueous solutions
of small liposomes/proteoliposomes onto conductive substrates. GUVs are
then produced from these patterned deposits using electroformation. By vary-
ing the feature size of stamps, we controlled the number of liposomes
grown per deposit and ultimately formed single-vesicle arrays with a narrow
size distribution (3751mm diameter). We demonstrated this method’s capabil-
ity to create giant proteoliposome arrays by electroforming vesicles from
stamped aquaporin-containing membrane deposits, and acetylcholine
receptor-containing cell membrane frag-
ments and confirmed the presence of these
proteins by immunofluorescent-assays.
We further illustrated the versatility of
this approach by forming GUV arrays
in physiologically-relevant solutions. To
demonstrate this system’s applicability
for studying protein-lipid interactions, we
investigated the interactions of a mem-
brane-associated protein, annexin-V, with
phosphatidylserine-containing GUVs.Platform: Protein Structure
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Obscurin is a giant muscle protein that is critical for muscle cell maintenance
and organization. Mutations in obscurin and obscurin binding proteins have
been linked to cardiomyopathies and muscular dystrophy in humans. Due in
part to its large size (~900kDa) and recent discovery, its structure and function
has not been fully characterized; therefore the mutations and resulting diseases
are poorly understood. As a first step to biophysically characterizing obscurin,
we used small angle x-ray scattering to solve the low resolution structure of
a simplified system of two domains (Ig 58 and 59). These data give insight
to not only this two domain system but also the ~60 repeating Ig domains at
the N-terminus. Interpretation and computer modeling of SAXS data show a dy-
namic two domain system with a 100 orientation to the other domain. These
results suggest that an individual obscurin Ig domain cannot bind to adjacent
obscurin domains or even regions that are 5 Ig domains away in primary struc-
ture. These data provide insight into how the entire obscurin molecule behaves
in solution, and suggests a mechanism that prevents obscurin from forming un-
wanted self Ig-Ig interactions in vivo.
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